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Abstract. This study is to investigate and describe the difficulties of junior high school students from low, medium, 

and high-grade schools in solving algebra problems based on the SOLO taxonomy classification. This was a survey 

study using qualitative and quantitative approaches. The subjects were junior high school students grade VIII in 

Magelang from 12 schools consisting of 2 “high” category schools, 5 “medium” category schools, and 5 “low” 

category schools. The research method used was by analyzing students' written test. The result showed that students' 

difficulties to solve the highest algebra problem were to apply arithmetic operations and understand the algebraic form. 

Likewise, this study revealed that the difficulties of implementing arithmetic operations in high-class school category 

were in the level of unisructural, multistructural, relational, and extended abstract. Otherwise, in low-grade schools, 

the difficulties were only in the level of unisructural and extended abstract. The last, the difficulty of understanding 

the form of algebra in medium-grade school was in level of unisructural, multistructural, and extended abstract while 

low-grade school was in the relational level. In short, this study extends our knowledge that students at all school 

categories have the same difficulty in solving algebra problem at the extended abstract level. In addition, in all SOLO 

taxonomic levels, the students from high-grade schools category have lower problems in solving algebra than students 

from middle and low class schools. 
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INTRODUCTION 

Every student has different speed of learning. One may learn and acquire subject matters quickly while others 

may face obstacles in understanding the subjects. This is the barrier which can cause the students’ difficulty in 

learning so-called "learning disability”. Learning disability is a general term used to describe various kinds of 

disorders that characterize the difficulty in acquiring and using listening, speaking, reading, writing, reasoning, or 

computing skills [1, 2, 3]. These learning difficulties are obstacles leads to the attainment of a person's learning 

outcomes and intellectual abilities. In mathematics learning, students’ difficulties can come from various sources, 

one of which is the inability to process emotions, learning process, and cognitive students [4]. 

Nowadays, considerable new applications and developments of mathematics have been taking shape in various 

areas of life. Unfortunately, many students have failed to respond these movements because they have difficulties 

to learn math and prone to have low scores. In 2011, TIMSS reported that the average junior high school 

mathematics score (SMP) level 8 in Indonesia was 386 of the scale centerpoint (median) 500 and therefore 

Indonesia ranked 58 out of 63 participants [5]. There are four main subjects in the TIMSS for the first-grade 

students which are numbers and algebra with a target percentage of 30% geometry and data and change with a 

target percentage of 20% [5]. This report reflects that the subject matter of numbers and algebra need to have 

special attention in order to improve students' mathematics score in Indonesia. Especially in algebra, students at 

the junior high school level have not yet accustomed to the process information and perform operations in the 

form of algebra. Hence, empirical grounds prove that students have difficulty in learning algebra [6, 7, 8, 9]. 
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Knowledge and skill on algebra are relevant in everyday and professional life [10]. Yee [11] states that 

difficulties in algebra are caused by 1) students are not familiar with algebraic syntax, 2) students are confused by 

the use of letters / alphabets in algebra, 3) students find algebra that is too abstract. Based on the results of study 

of Nasser & Carifio [12], it is found that for years, many errors have been found in mathematics; especially in 

algebra, it is found procedural or computational error. 

The characteristics of mathematical difficulty according to Lerner [13] are (1) information-processing 

difficulties, (2) language and reading abilities, and (3) math anxiety. Thus, mathematical difficulty is an obstacle 

experienced by students in learning mathematics. In algebra, the difficulties have five types encompassing 

applying arithmetic operations, understanding the notion of variables, understanding algebraic expressions, 

understanding the different meanings of equal sign, and mathematization [14]. These difficulties in implementing 

arithmetic operations are  due to students’ low mastery in calculation, subtraction, multiplication, and division; 

difficulties in applying arithmetic operation rules in calculation; and low ability to use the nature of number 

operations. Moreover, understanding the nature of number operations as commutative, associative, inverse, and 

distributive properties in calculation and multiplication is also the facet of difficulties in applying arithmetic 

operations. Besides, the implementation of arithmetic operation includes related operation, related rules, and 

related properties [14]. 

Variables are important part in algebra. Variables are seen as a place where scores can be stored or taken from 

anywhere. Variables are used in problem-solving processes with the aim of finding solutions of an equation. 

Variables are used in functional relationships either as input arguments or as output function scores [14]. In 

addition, according to Filloy, Rojano, Solares [15], scores can be in the form of quantities (price, length, age, and 

so on). There are four categories in understanding the algebraic form. The first is parsing obstacle, the inability of 

students to distinguish the sequence in everyday language with the algebraic language. The second is expected 

answer obstacle, a state when students suspect a number as the answer of an algebraic form. The third is lack of 

closure obstacle, it occurs when students add or subtract an algebraic form with a number and produce an algebraic 

form. The fourth is lack of gestalt view, it occurs when a student ignores an algebraic form [14]. 

Understanding the different meanings of the equal sign has two categories. The first is the special nature of 

the inequality that cannot change the sign of the inequality when multiplying both sides of an inequality with a 

negative number. The second one,  understanding the inequality, that is, inability to understand the differences 

between the differences and inequality and the difference solutions for both of them [14]. The difficulty of 

horizontal mathematization is that students have difficulty translating expressions into mathematical notations, 

reformulating words into mathematical forms, interpreting mathematical concepts and patterns, changing 

information into mathematical formulas, and using certain formulas. Considering vertical mathematical 

difficulties, students have difficulty in incorporating and integrating either the information provided in the 

assignment or given as a result of calculations while completing the task of algebraic symbols, using algebraic 

methods, manipulating symbols when completing algebraic task symbols; and in applying the method of solving 

equations [14]. 

In short, the difficulty in solving the math problem is the low learning ability in applying arithmetic operation, 

understanding the variables, understanding the algebraic form, understanding the sign of inequality, and 

metematization at the time of solving the mathematics problem. Besides, the student's difficulties in solving the 

mathematical problems are also possible due to students’ mistakes as a result of the carelessness or procedural 

error of learning mathematics. In this study, students' difficulties in solving mathematical problems are identified 

based on difficulties in arithmetic, variables, algebraic expressions, inequalities, and metematization  which they 

are seen from students’ errors in solving the mathematical problem. 

Based on a study of Wenar in Henson & Eller [16], opportunities are required for students who have learning 

difficulties to show their work and reveal what they learn. For that reason, teachers need to give students the 

opportunity to express what they are learning and therefore it alleviates students’ learning difficulties. These 

emerging facts need to be further analyzed. There are several techniques that can be used to analyze students' 

difficulties in solving problems. One of the techniques is the SOLO taxonomy (The Structure of the Observed 

Learning Outcome). The SOLO taxonomy is the answer-given structure of a specific task [17, 18].  

The SOLO Taxonomy is the general theoretical framework used to classify students' understanding based on 

students’ written answers related to cognitive ability [19, 20, 21, 22]. Meanwhile, according to Padiotis & 

Mikropoulus, Slack [23, 24], the SOLO is a technique to determine the responses in learning and to describe how 

the complexity of students’ knowledge mastery when completing various academic tests in a systematic way. The 

SOLO taxonomy is used to measure students' ability to respond to a problem classified into five distinct, 

hierarchical levels from low: prestuctural, unistructural, multistructular, relational, and extended abstract [17]. 

Taxonomy SOLO has several advantages such as easy to apply, can be used on closed or open questions, able to 

provide objective and systematic results, can be used as a basic framework of assessment at all levels of education, 

and so forth [17, 25]. In addition, Courtney's, Parkash et al [26, 27] argues that the SOLO taxonomy is not only 
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used in mathematics and science but also can be very effectively used in geography by learning the problem of 

geographical concepts and skills. This may be useful in both formative and summative assessment  

Above all, the SOLO taxonomy is a structure of students’ answers/ responses to classify their 

understanding/knowledge by completing various academic tests. The classification is from lower to high which 

are Prestructural (0), Unistructural (1), Multistructural (2), Relational (3), and Extended abstract (4). Thus, SOLO 

taxonomy is appropriately used as a basic framework in analyzing students' difficulties in solving math problems. 

The characteristics of each level of the SOLO taxonomy are as follows. The first one is a prestructural level. 

This level describes the tendency of students to get confused in understanding instructions and using irrelevant 

information in solving problems. Thus, this level is difficult to create applications that can directly measure the 

complexity of students' thinking [17, 28]. Hence, in this study, the prestructural level is used to analyze student 

learning outcomes. The second one is unistructural level. It sheds light the students’ ability to use a clear and 

direct piece of information from the statement to solve the problem simply and appropriately [17, 28, 29]. The 

third one is multistructural level, that is, students can respond to problems by using two pieces of information or 

more of the given problem to solve the problem correctly [17, 28, 29]. The fourth one is the relational level, 

students’ ability to solve problems using inter-conceptual relations or in other words using two conclusions that 

directly relate to an integrated understanding of information in STEM [17,28,29]. The fifth is extended abstract 

level, students’ ability to use instructional instructions from some relevant interconnected data and correlate the 

information and then draw conclusions [17, 28, 29] . 

The study is thus to analyze the difficulties of junior high school students in solving algebraic problems based 

on SOLO taxonomy. The results of this study are expected to provide benefits for students and teachers, that is, 

providing information that allows for teachers to understand the extent to which students use their knowledge in 

solving mathematical problems so as to help students achieve maximum results. Likewise, this study can become 

an assessment material to assess students’ weakness/deficiency in solving math problems leads to improvement 

of teaching learning processes. 

METHODOLOGY 

This was a survey study with qualitative and quantitative approach. The survey method was used to obtain an 

outlook of the nature of population. Besides, the qualitative and quantitative approaches were used to describe 

students' difficulties in solving math problems based on the SOLO taxonomy classification. This study was 

conducted on February 1st to March 16th, 2018 in state junior high schools in Magelang regency of Central Java 

province. The subjects were 336 junior high school students of grade VIII in Magelang regency from 12 state 

junior high schools. These 12 schools consisted of 2 high-grade schools, 5 moderate-grade schools, and 5 low-

grade schools. 

Data collection used was in the form of test instrument. The test instrument was to describe students' 

difficulties in solving algebraic problems based on the SOLO taxonomy classification. Instrument test in the form 

of problem description was 8 items constructed in the form of superitem encompassing stem and item. Stem was 

a form of revelation, graphics or picture whereas items are questions on each stem, each stem consists of 4 items 

of questions adjusted to the level of the SOLO taxonomy. 

Data analysis techniques were administrated during and after data collection, so that the data obtained was 

arranged systematically and interpreted easily in accordance with the research problem. Steps of analysis and 

interpretation of data were done with the following stages. First, collecting and formulating the data. This activity 

was done by checking the test results (true or false), analyzing the test results based on established indicators, 

identifying the difficulties of subjects, and classifying the types of students’ difficulties into 5 types of difficulty.  

Second, analyzing the types of student difficulties encompasses applying arithmetic operations, understanding the 

notion of variables, understanding algebraic expressions, understanding the different meanings of equal sign, and 

mathematization. Third was drawing conclusions. At this stage, a conclusion was drawn based on an analysis of 

the data that had been collected. These conclusions included: 1) students' difficulties solving algebraic problems 

based on difficulty categories, 2) student's difficulties in solving math problems based on the achievement of the 

SOLO taxonomic classification level. Based on the quantitative and qualitative analysis, data interpretation was 

thus administrated. Each result of data analysis was interpreted to form conclusion. 

RESULT AND DISCUSSION 

The results demonstrated that students had difficulty in solving algebra problems. It could be seen from the 

steps of students solve problems. The type of students’ difficulty in solving 8 algebraic problems in each point of 

the problems was adjusted to the level of taxonomy SOLO. 
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TABLE 1. The results of students’ difficulty in solving algebra questions 

SOLO Taxonomi 
Difficulty Type Grade School Category 

High Middle  Low 

Unistructural 

Arithmetic Operations 18.27 % 24.29 % 86.69% 

Notion Variable 6.25% 23.48 % 73.83% 

Algebraic Expressions 12.50% 33.06 % 76.61% 

Equal Sign 17.86% 26.14 % 70.55% 

Mathematization 11.33% 24.11 % 69.73% 

Multistructural 

Arithmetic Operations 13.67% 31.54 % 83.75% 

Notion Variable 7.03% 36.94 % 86.96% 

Algebraic Expressions 7.03% 41.84 % 83.87% 

Equal Sign 12.50% 29.19 % 72.87% 

Mathematization 8.98% 35.90 % 69.96% 

Relational 

Arithmetic Operations 23.05% 46.57 % 95.56% 

Notion Variable 9.37% 45.48 % 93.48% 

Algebraic Expressions 19.37% 32.65 % 93.55% 

Equal Sign 11.33% 35.65 % 86.45% 

Mathematization 16.80% 40.68 % 85.98% 

Extended Abstract 

Arithmetic Operations 27.34% 47.97 % 97.60% 

Notion Variable 14.37% 46.55 % 89.26% 

Algebraic Expressions 16.25% 49.04 % 94.84% 

Equal Sign 11.33% 36.36 % 89.69% 

Mathematization 17.58% 41.69 % 85.42% 

Table 1 showed that the types of students’ difficulties at each SOLO taxonomic level and the school category. 

The presented results of the students' answers were the students’ wrong answers, while the students who did not 

answer and answered correctly on each question were not included in explanation of the results. Almost all 

students made different mistakes on each type of difficulty at each level of the SOLO taxonomy and the school 

category. 

Table 1 revealed that the greatest difficulty was in applying arithmetic operations and understanding the 

algebraic expressions. The difficulties of implementing arithmetic operations with high-class schools were in 

unisructural, multistructural, relational, and extended abstract levels. For low-grade schools, the difficulty was in 

the unisructural and extended abstract levels. Besides, the difficulty of understanding the form of algebra in 

moderate-grade schools was in unisructural, multistructural, and extended abstract levels. While in low-grade 

schools the difficulty was in the relational level. 

The lowest difficulty in solving algebra problems in high-grade school category was the understanding of the 

notion of variables at unistructural, multistructural, and relational levels. Moreover, high-grade school category 

had the lowest difficulty on the extended abstract level, understanding the different meanings of the equal sign. 

Low-grade schools had difficulties in understanding the notion of variables at the unistructural and multistructural 

level while the extended abstract level was the lowest difficulty type, understanding the different meanings of the 

equal sign. The last, for low-grade schools, the lowest difficulty was in mathematization for all SOLO taxonomic 

levels.  

To increase our understanding on the results in table 1, this study presents students’ answers in solving 

algebraic problems. 

 

  

 

Translation: find out p score?   Translation: Is it true x is 2? Give your reasons! 

FIGURE 1. Students’ answer   FIGURE 2. Students’ answer  
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Figure 1 was an example of student’s answer on the difficulty in applying arithmetic operations, understanding 

the notion of variables and understanding algebraic expressions. In the written test, there was a question to find 

out the p score of  𝑓(𝑥) = 𝑝𝑥 + 4, if f (3) = 1. Initially, the student rewrote correctly the function, but the students 

incorrectly substitute each number on the variable. Students did not understand that the meaning of f (3) = 1.  

Therefore, the students ignored the score of 1. The student instantly sums the 3 + 4 numbers to get the p score, 

although it is known that 3 coexist with the p variable. Thus, the students are perceived to have difficulty in 

applying arithmetic operations, understanding the notion of variables and understanding the form of algebra. 

Variables as important part of algebra number generalizations have not yet been understood entirely by the 

students. Philipp [30] states the difficulty to understand variables as generalizations of numbers in certain 

situations leads the difficulty to understand the concept of function correctly. This is because in the concept of 

function, variables can have more than one score. But in fact, the students are more likely to understand the 

variable as something that has not known its score, which is unfortunately, is considered another conception of 

the variables used in the equation. 

The second example of students’ answer was in Figure 2. The figure demonstrated that the students had 

difficulties in applying arithmetic operations, understanding algebraic expressions and understanding the different 

meanings of the equal sign. The difficulties were in addition, subtraction, multiplication and division both the 

number and the algebraic form. The students’ mistake was to ignore the positive and negative signs when doing 

algebraic operations which leads to the wrong step. Students did not understand the negative sign of algebraic 

operations and therefore the algebraic form is wrong. This error is consistent with Breiteig & Grevholm's 

explanation [31] which postulates that students' difficulties are in the transition of arithmetic and verbal forms 

into algebraic expressions. In addition, these errors actually begin in the study of number operations, when 

students are taught to operate numbers by paying attention to positive and negative signals on a number. 

Accordingly, students' mistakes in understanding the process is limited to problem solving, not an understanding 

of symbolism. This can also result in procedural errors [32]. Besides, students’ difficulties in understanding the 

different meanings of the equal sign are the mistakes of students in combining operations. This seems to be due 

to a lack of student understanding of the meaning of equal sign as algebraic equality [33, 34, 35]. 

 

Translation: 

Andre paid IDR 100.000 

for 3 bunches of Sedap 

Malam flower and 4 

bunches of daisies while 

Rima paid IDR 90.000 

for 2 bunches of that 

Sedap Malam flowers 

and 5 bunch bunches of 

daisies in the same 

flower shop with Andre. 

a. Write an equation of 

the above illustration! 

FIGURE 3. Students’ Answer  

Figure 3 was an example of student answers that have difficulty in understanding the notion of variables and 

mathematization. Figure 3 showed that the students directly translate the question in the language of the symbol 

without writing the purpose of the problem. Of the students can actually make an equation of the given problem 

without first prioritizing what is x and what is y. Moreover, the students had difficulty in converting words into 

mathematical notations or changing sentences into mathematical forms or horizontal mathematization [14]. In 

addition, the students could not adjust the wording with a variable, because the student only writes the equation 

but does not write the intent of the variable. This process is called word order matching Clement [36]. Besides, 

students do not understand the concept of variables as number generalizations. Usiskin [37] presents four 

conceptions of variables and one of them is a variable as a generalization of numbers. This finding is consistent 

with Akgun & Ozdemir's [38] explanation of student errors. They state that student’s mistakes are caused by 

students’ lack of understanding on the variables as generalizations of numbers. Hence, the students failed in the 

transition process from arithmetic to algebra. Likewise, the students' reasoning is limited to inductive patterns 

leads to wrong answers. 

The difficulty of students in applying arithmetic operations was the highest students’ difficulty. This is because 

of mistake in adding, subtraction, multiplication, or division of numbers and algebraic expressions. In other words, 

the students do not comply the sequence of operations. Students’ mistake may be due to the fact that arithmetic 

operations must be performed in algebraic contexts related to the understanding of variables and algebraic 



5th ICRIEMS Proceedings 
Published by Faculty Of Mathematics And Natural Sciences  
Yogyakarta State University, ISBN 978-602-74529-3-0 
 

ME-356 
 

expressions. Moreover, this difficulty can reflect students’ difficulty in elementary level. They have lack of the 

ability in arithmetic calculations, an understanding of using the nature of number operations such as commutative, 

associative, inverse, and distributive in both numbers and algebraic expressions. 

TABLE 2. Achievement of SOLO taxonomic level 

SOLO Taxonomi Grade School Category 

High High High 

Unistructural  13.24% 26.22% 75.48% 

Multistructural  9.84% 35.08% 79.48% 

Relational 15.98% 40.21% 91.00% 

Extended Abstract 17.37% 44.32% 91.36% 

Table 2 revealed that students at all school levels had the same difficulty in solving the largest algebra problem 

at the extended abstract level, although each level of SOLO taxonomy has a different distribution for each school 

category. Low-grade schools had difficulty solving algebra problems at all levels above 75%. This was in contrast 

to moderate-grade schools which had difficulty in solving algebra problems below 50% in all levels of SOLO 

taxonomy. Besides, high-grade schools had difficulty in solving algebra problems under 20% for all levels of 

taxonomy SOLO. In a nutshell, in all SOLO taxonomic levels, the students from high-grade schools category had 

lower problems in solving algebra than students from middle and low class schools. In addition to the relational 

and extended abstract levels, students experience higher difficulty than unistructural and multistructural levels for 

all school categories. Based on the results of the studies of Lucander et al and Chan et al [22,39], the statistical 

test reveals a significance result between test groups, who had performed at the relational level by giving 

instructions on how to compile their answers in accordance with SOLO, and the control group, without instruction 

being done at the multistructual level and below. 

CONCLUSION 

Based on the result of research and discussion, this study sheds light that students' difficulties to solve the 

highest algebra problem is to apply arithmetic operation and to understand algebraic form. Besides, the difficulties 

of implementing arithmetic operations with high-class schools are at unisructural, multistructural, relational, and 

extended abstract levels. For low-grade schools, the difficulty occurs at the unisructural and extended abstract 

levels. Moreover, in medium-grade schools, the difficulty of understanding the form of algebra exists at 

unisructural, multistructural, and extended abstract levels while for low-grade schools the difficulty occurs at the 

relational level. 

In terms of the achievement of the SOLO taxonomic classification, students at all school categories have the 

same difficulty in solving algebra problem at the extended abstract level. Besides, the students from high-grade 

schools category have lower problems in solving algebra than students from middle and low class schools. 

RECOMMENDATION 

For other researchers, further studies can shed light on how to deal with students who have difficulty solving 

algebra problems and conduct a similar study to other mathematical subjects. 
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